hemopoietic progenitors are altered in infants at risk of atopy. We therefore studied the effects of dietary n-3 PUFA supplementation during pregnancy on numbers and function of progenitors in neonates at high risk of atopy. In a double-blind study, atopic, pregnant women were randomized to receive fish oil capsules or placebo from 20 wk gestation until delivery. At birth, CB CD34 ϩ cells were isolated and analyzed by flow cytometry for expression of cytokine (IL-5R␣, IL-3R␣, granulocyte/macrophage colony-stimulating factor R␣) or chemokine (CXCR4 and CCR3) receptors. CB cells were also cultured in methylcellulose assays for eosinophil/basophil colony-forming cells. At age 1 y, infants were clinically assessed for atopic symptoms and skin tests.
Percentages of CB CD34
ϩ cell numbers were higher after n-3 PUFA than placebo. Co-expression of cytokine or chemokine receptors on CD34 cells was not altered by n-3 PUFA supplementation. However, there were significantly more IL-5-responsive CB eosinophil/basophil colony forming units (Eo/B-CFU) in the fish oil, compared with the control, group. Overall, there was a positive association between CD34 ϩ cells and IL-5-responsive Eo/B-CFU in CB and 1 y clinical outcomes, including atopic dermatitis and wheeze. Dietary n-3 PUFA supplementation during pregnancy in atopic mothers alters infant cord blood hemopoietic progenitor phenotype. This may have an impact on development of atopic disease. Abbreviations AEDS, atopic eczema/dermatitis syndrome CB, umbilical cord blood DHA, docosahexaenoic acid Eo/B-CFU, eosinophil/basophil colony forming units EPA, eicosapentaenoic acid GM-CSF, granulocyte/macrophage colony-stimulating factor MNC, mononuclear cell NAMNC, nonadherent mononuclear cell n-3 PUFA, omega-3 polyunsaturated fatty acids PE, phycoerythrin SPT, skin prick test Atopic disease is increasingly prevalent in developed countries, especially in childhood. This has been associated with many environmental changes altered by increasing urbanization such as diet, housing, infections, and pollution (1) . The negative impact of atopic disease on quality of life, along with the high expense of long-term treatment of symptoms, necessitates implementation of better strategies for prevention and treatment. To attain these goals, it is imperative to further characterize mechanisms underlying the development of atopic disease and how these can be modified by environmental factors.
The characteristic IgE-mediated inflammation of atopic disease results from abnormalities in acquired immunity, involving inappropriate Th2 cytokine responses to ubiquitous environmental antigens (2) . This contrasts with the normal Th1 cytokine pattern seen in nonallergic adults, although the factors leading to this apparent functional divergence in immune response remain unknown. Because allergen-specific immune responses develop in fetal life, maternal diet during pregnancy is an important factor, with the potential to influence the development of both acquired and innate immune responses that predispose toward atopy (3). n-3 PUFA, EPA (20:5n-3), and DHA (22:6n-3), found in oily fish, have multiple well-defined anti-inflammatory effects, and are promising candidates for atopic disease prevention (4 -6) . There is now a recognized need for studies to investigate the potential of dietary n-3 PUFA to modify early immune development.
Innate immunity, effected principally by myeloid inflammatory cells such as eosinophils, basophils, and mast cells, which characteristically differentiate and accumulate during the allergic response (7), may also be altered during the development of the atopic diathesis. We have demonstrated that the number of bone marrow-derived myeloid, IL-5-responsive progenitors is increased in atopic compared with normal control subjects (8) . Using antibodies to a hemopoietic progenitor membrane protein marker, CD34, and to hemopoietic cytokine receptors, we have demonstrated alterations relevant to eosinophil/basophil lineage commitment of progenitors in neonates at risk for atopy (9) .
In this study, we investigated the effects of maternal n-3 PUFA dietary supplementation in pregnancy on the characteristics of CB progenitor populations in infants at high risk of allergy. We measured differentiation profiles of CD34 ϩ progenitors in CB in an attempt to characterize differences in hemopoietic responses that may predict atopy later in life. We hypothesized that n-3 PUFA supplementation of atopic mothers during pregnancy would have an effect on the number of CB CD34
ϩ progenitor cells, their surface expression of cytokine and chemokine receptors, and functional responsiveness to hemopoietic cytokines, and that these parameters would be related to the subsequent development of atopic features in later infancy.
METHODS

Study design.
The effects of maternal n-3 PUFA dietary supplementation on neonatal CD34
ϩ progenitor populations were determined using a double-blind, placebo-controlled study design.
Pregnant women with confirmed allergy [see Dunstan et al. (10) ] were randomized at 20 wk gestation to receive either fish oil capsules (n ϭ 52) containing 3.7 g of n-3 PUFA (56% DHA, 27.7% EPA) or placebo (n ϭ 46), olive oil capsules containing an amount (2.6 g) that did not significantly alter the daily average intake of oleic acid (26 g/d). The supplements were taken daily for the remaining duration of the pregnancy, and the dose was approximately equivalent to one fish meal per day (11) . At birth, CB was collected to assess neonatal immune function (see below). Although the fish oil capsules were well tolerated by the majority of the volunteers, seven women suffering from pregnancy-related "morning sickness" withdrew from the study because of "fishy burps." It was found that this could be minimized by having the capsules before food or with a cold drink.
Although the main objective of this study was to assess the effects of the intervention on neonatal immune outcomes (with the power calculations and samples size determined accordingly), the infants were also assessed clinically during the first year of life for potential adverse effects and atopic features. Thus, although these clinical outcomes are reported here, this was not the prime objective of this study, as a much larger population would be needed to address this issue.
Subjects. Ninety-eight atopic, pregnant women (n ϭ 98) booked for delivery at St. John of God Hospital, Subiaco, WA, Australia (between January 1999 and September 2001) were recruited to the study. Women were defined as allergic if they had a history of doctor-diagnosed allergic rhinitis and/or asthma and one or more positive SPT to common allergens (house dust mite, grasses, moulds, cat, dog, feathers, and cockroach; Hollister-Stier Laboratories, Spokane, WA). A wheal size of l Ͼ3 mm above the negative control was considered positive. This atopic population was selected because their unborn children were considered at high risk of developing atopic disease (12,13).
Women were ineligible for the study if they smoked, had other medical problems, complicated pregnancies, seafood allergy, or their normal dietary intake exceeded two meals of fish per week.
Materials. Materials were obtained as follows: Iscove's modified Dulbecco's medium, FCS, RPMI medium 1640 from GIBCO (Burlington, ON, Canada); methylcellulose, BSA, sodium azide, paraformaldehyde from Sigma Chemical Co. Aldrich Ltd. (Oakville, ON, Canada); recombinant human cytokines GM-CSF, IL-3, and IL-5 from BD Biosciences (Mississauga, ON, Canada).
Cell isolation and cryopreservation. CB was collected at delivery, as previously described (10), into an equivolume of RPMI (GIBCO) plus heparin (Sigma Chemical Co. Aldrich Ltd) (the volume collected ranged from 5 to 120 mL depending on the condition of the placenta). MNC were isolated using Lymphoprep (Nycomed Pharma, Asker, Norway) gradient centrifugation at 500 g for 30 min and washed twice in RPMI and then once in RPMI containing 2% FCS (GIBCO). Cells were enumerated using a hemocytometer (improved Neubauer hemocytometer, Weber Scientific, West Sussex, England) and diluted to 40 ϫ 10 6 cells/mL RPMI/2%FCS and placed on ice. An equal amount of cooled 15% DMSO (BDH, Kilsyth, VIC, Australia) in FCS (MultiSer, BioSciences Pty. Ltd., Thebarton SA, Australia) was added dropwise. Samples were frozen in 1 mL aliquots each containing 20 ϫ 10 6 cells, an optimal amount for freezing. The samples were cooled to Ϫ80°C at a rate of 1°C/min in a freezing container (Nalgene cryocontainer) containing isopropyl alcohol (BDH) and transferred to a liquid nitrogen tank for storage and shipment. It has been shown previously (by this laboratory and others) that cryopreservation and thawing does not distort cellular immune responses (14 -16) , including functional and phenotypic characteristics of CD34 ϩ progenitor cells. MNC stored in liquid nitrogen (2 ϫ 10 7 CB MNC per patient) were transported from Australia to Canada. Cells were thawed by drop-wise application of 10% FCS, 1% penicillin/streptomycin, and 2.5% HEPES buffer in RPMI medium 1640 (GIBCO), and resuspended in McCoy's 3ϩ media (GIBCO), and incubated for 2 h in a plastic flask to remove adherent MNC (37°C, 5% CO 2 ). NAMNC were then resuspended in 1 mL Iscove's 2ϩ culture medium (GIBCO) and a cell count was performed. Average viability was Ͼ98% and average NAMNC recovery was 48.5% of the total number of cells frozen (data not shown).
Methylcellulose cultures for assessing functional responsiveness to hemopoietic cytokines. NAMNC (2 ϫ 10 5 cells) were cultured in semisolid methylcellulose (Sigma Chemical Co. Aldrich), FCS, and Iscove's 2ϩ in the presence of recombinant human cytokines IL-5, IL-3, or GM-CSF (all from BD Biosciences, ON, Canada), or equal amounts of Iscove's 2ϩ as a control. Cultures were performed in duplicate and incubated for 14 d (37°C, 5% CO 2 ). Mean numbers of Eo/B-CFU were enumerated from duplicate cultures using inverted light microscopy (colonies were defined as Ͼ40 cells) (17) .
Antibodies. PE-conjugated IgG1, CD34 antibody (HPCA-2), FITCconjugated IgG1 CD45 antibody (anti-HLE1), PE-conjugated isotype control antibody (mouse IgG1), streptavidin PerCp, biotin anti-human GM-CSF receptor ␣-chain (CD116), biotin anti-human CDw123 IL-3 receptor ␣-chain, and biotin anti-human CXCR4 (fusin) were purchased from BD Pharmingen (Mississauga, ON, Canada). Anti-human CCR3 was purchased from R & D Systems (Minneapolis, MN). Anti-human IL-5 receptor ␣-chain was a gift from Roche Laboratories (Ghent, Belgium) and was biotinylated in our laboratory as previously described (18) .
Flow cytometry for the enumeration of CD34 ؉ progenitor cells and surface expression of cytokine and chemokine receptors. To enumerate CD34 ϩ cells by flow cytometry, we used an established multiparameter gating strategy (19) and a three-color staining protocol to assess expression of cytokine receptors IL-5R␣, IL3R␣, and GM-CSFR␣ (8) as well as chemokine receptors CXCR4 and CCR3. Briefly, 2-5 ϫ 10 5 cells were stained with antibodies PE-conjugated CD34 (HPCA-2), FITC-conjugated CD45 (anti-HLE1), PE-labelled isotype control (IgG1), and non-neutralizing MAb for IL-3R␣, IL-5R␣, GM-CSFR␣, CCR3, and CXCR4. Acquisition was performed using a FACScan flow cytometer (BD Biosciences). At least 4 ϫ 10 4 cells were collected for analysis. Analysis of receptor expression on CD34 ϩ cells by mean fluorescence intensity was not possible in this study due to low numbers of cells available in each sample. Although the cell population being assessed is rare, the low percentages of receptor expression on these cells is valid using the gating strategy (18, 19) . WinList software (Verity Software House, Topsham, ME) was used for analysis of data.
PUFA AND CD34ϩ PROGENITORS IN NEONATES
Clinical assessment of atopic disease. Although clinical outcomes were not a prime objective of the study, infants were clinically evaluated at 12 mo of age by a pediatric allergist and immunologist (S.L.P.), who remained blind to the randomization. The main clinical outcomes assessed are defined in Dunstan et al. (20) . In brief, clinical outcomes were the presence or absence of wheeze, AEDS, and allergen skin test reactivity. An SPT was performed using a standardized technique (14) and allergen extracts (egg, milk, peanut, house dust mite, cat) (Hollister-Stier Laboratories) as well as histamine as a positive control and glycerine as a negative control. A wheal diameter of Ն2 mm was considered positive.
Statistical analysis. All statistical analyses were performed using SPSS software (Version 10 for Macintosh, SPSS Inc., Chicago, IL). Differences between the intervention and placebo group were determined by t test for normally distributed interval data and the Pearson 2 test for categorical data. Interval data were found to be normally distributed using the KolmogorovSmirnov and Shapiro-Wilk statistic.
Relationships between continuous variables were determined by Pearson correlation and expressed as the correlation coefficient (r). Relationships between continuous or categorical independent variables and binary outcome dependent variables were analyzed using logistic regression and were described by odds ratio (OR) and 95% confidence interval (CI). There were no potential confounding factors as determined by Pearson correlation. Factors tested included duration of gestation, parity, infant gender, and method of delivery. A p value Ͻ 0.05 was considered statistically significant for all planned analyses.
Ethics approval. Ethical approval for the study was granted by the Princess Margaret Hospital for Children, the King Edward Memorial Hospital, and the St. John of God Hospital, Subiaco, ethics committees. All subjects signed written consent.
RESULTS
Subjects.
Of the 98 randomized subjects, 83 mothers and infants completed the study up to 1 y follow-up postpartum (10) . At delivery, 40 infant CB samples were analyzed from the fish oil-treated group and 43 from the control group. Reasons for study discontinuation included maternal nausea (fish oil, n ϭ 7; control, n ϭ 1), CB not collected (control, n ϭ 1), gestation Ͻ36 wk (fish oil, n ϭ 3; control, n ϭ 1), or infant disease (fish oil, n ϭ 2). Sample processing during freezing and thawing resulted in the loss of several samples or reduced yield, accounting for the lower n numbers in the assays (see below). There were no significant differences detected in baseline characteristics of subjects that completed the study in the fish oil group compared with those in the control group, nor were there any differences detected in characteristics of the neonates [not shown, refer to Dunstan et al. (10) ].
CB progenitor colony assays. Using a previously described clonogenic assay, responsiveness of progenitor cells to cytokines that induce eosinophilic differentiation was quantified (21) . The number of Eo/B-CFU per 2 ϫ 10 5 NAMNC plated was enumerated; values represent the mean Ϯ SEM of duplicate cultures of n ϭ 27 in the fish oil group and n ϭ 29 in the control group. There was no significant difference in the number of Eo/B-CFU grown in the presence of IL-3 or GM-CSF between groups (Fig. 1) . However, there was a significant increase in CB Eo/B-CFU, grown in the presence of IL-5, in neonates in the n-3 PUFA supplementation group compared with the placebo group (12.43 Ϯ 1.34 versus 8.19 Ϯ 1.15, p Ͻ 0.03, Fig. 1) .
CB progenitor flow cytometric analyses. The numbers of CB-derived CD34
ϩ progenitor cells and percentage of CD34 ϩ cells expressing IL-5R␣, IL-3R␣, GM-CSFR␣, CCR3, and CXCR4 were assessed by multiparameter flow cytometric analysis. In the fish oil supplementation group (n ϭ 31), the percentage of CB-derived CD34 ϩ cells was higher than in the control group (n ϭ 29; 0.879 Ϯ 0.096% versus 0.533 Ϯ 0.041%, p Ͻ 0.002) (Fig. 2) . There was no significant difference in cytokine or chemokine receptor expression on CB CD34
ϩ cells between groups (Table 1) . When the number of IL-5-responsive CB Eo/B-CFU was correlated with the percentage of CD34 ϩ /45 ϩ cells, a significant relationship was found overall, as well as for the PUFA group (r ϭ 0.655, p Ͻ 0.001, n ϭ 29), but not for the control group (r ϭ 0.340, p Ͼ 0.05, n ϭ 25) (Fig. 3) . Also, for the combined groups, we observed a negative association overall between IL-5R␣ and GM-CSFR␣ (Fig. 4) or IL-5R␣ alone (not shown) on CD34 ϩ cells with maternal atopic risk (measured by number of positive SPT) (r ϭ Ϫ0.270, p Ͻ 0.04; r ϭ Figure 1 . Number of Eo/B-CFU grown in the presence of (A) recombinant human (rh) IL-5 (1 ng/mL) (p Ͻ 0.03), (B) rhIL-3 (1 ng/mL), and (C) rhGM-CSF (10 ng/mL). PUFA group, n ϭ 27; controls, n ϭ 29. Bars represent mean Ϯ SEM.
Figure 2. Percentage CD34 expression on CD45
ϩ MNC is increased in CB from neonates of mothers supplemented with n-3 PUFA during pregnancy. PUFA group, n ϭ 31; controls, n ϭ 29, p Ͻ 0.002. Bars represent mean Ϯ SEM.
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Ϫ0.259, p Ͻ 0.05; IL-5R␣/GM-CSFR␣ and IL-5R␣ alone, respectively). In analyses for each treatment group separately, no significance was found.
Preliminary clinical outcomes at 1 y: relation to progenitor data. Although the study was not statistically powered to look at the effects of the dietary outcomes on clinical outcomes, we have previously noted (20) that infants in the fish oil group (n ϭ 40) were three times less likely to have a positive SPT to egg at 1 y of age (OR ϭ 0.34, 95% CI: 0.11-1.02, p ϭ 0.055) than those in the control group (n ϭ 43). Although there was no significant difference in the frequency of AEDS at 1 y of age (n ϭ 13 in the fish oil group and n ϭ 18 in the control group; OR ϭ 1.89, 95% CI: 0.77-4.65, p ϭ 0.167), infants in the fish oil group had significantly less severe AEDS (OR ϭ 0.09, 95% CI: 0.01-0.94, p ϭ 0.045).
From the 1 y preliminary clinical data, there were some associations with the progenitor data at birth. In this study, when the groups were combined (n ϭ 60), we observed that the percentage of CD34 ϩ cells (OR ϭ 3.93, 95% CI: 1.05-14.64, p ϭ 0.042), and the number of IL-5-responsive Eo/B-CFU (OR ϭ 1.09, 95% CI: 1.004 -1.184, p ϭ 0.039) in CB positively predicted atopic dermatitis at age 12 mo ( Table 2 ). The number of IL-5-responsive Eo/B-CFU also positively predicted wheeze at 1 y (OR ϭ 1.107, 95% CI: 1.015-1.208, p ϭ 0.022) ( Table  2 ). There was no association between the percentage of CD34 ϩ cells or the number of IL-5-responsive Eo/B-CFU and all other clinical outcomes at 1 y (Table 2) .
DISCUSSION
This study confirms that maternal dietary supplementation, which effectively increased n-3 PUFA levels in neonatal cell membranes (10) , has significant effects on CD34 ϩ progenitor populations in CB. Although we have previously noted that maternal dietary n-3 PUFA can alter neonatal "cognate" lymphocyte function (10) , this is the first report that maternal n-3 PUFA also have the capacity to alter CB progenitor populations critical for the development of innate immunity: i.e. myeloid progenitors for inflammatory cells (eosinophils, basophils) that favor the development of allergic disease. Maternal supplementation with n-3 PUFA during pregnancy was associated with increased numbers of CD34 ϩ cells in neonatal CB (Fig. 2) . Although there was no difference in the expression of IL-5R on CD34
ϩ cells compared with the control group (Table 1) , neonates in the fish oil group showed increased progenitor responsiveness to IL-5 in the functional culture assay (Fig. 1) .
Although the anti-inflammatory effects of n-3 PUFA are well described both in vivo and in vitro (22) , the exact mechanisms are unclear. Dietary fish oil supplementation has been previously associated with down-regulation of many aspects of the immune response, including diminished antigen presentation (23), cytokine receptor expression (24) , lymphoproliferation (25) (26) (27) , and cytokine responses, as recently reviewed in detail by Calder et al. (22, 28, 29) . The mechanisms of these effects are complex but may be, in part, due to competitive inhibition of the n-6 PUFA derived inflammatory eicosanoids [such as prostaglandin E2 (PGE2), thromboxane (TX), and the series-4 leukotrienes (LTB4, LTC4, LTD4)] and production of 
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PUFA AND CD34ϩ PROGENITORS IN NEONATES less inflammatory prostaglandins and leukotrienes such as PGE 3 and LTB 5 (30) . The mechanism of the observed effect of n-3 PUFA maternal dietary supplementation on numbers of CD34 ϩ cells in CB in this study remains unclear. It is possible that by altering the phospholipid membrane structure of cells (4), n-3 PUFA may directly modulate the expression of CD34 on progenitor cells. It is also possible that n-3 PUFA may directly or indirectly affect either production or trafficking of CD34 ϩ progenitor cells. The lack of significant effect of PUFA on CD34 ϩ cell cytokine or chemokine receptor phenotypes ex vivo may relate to mobilisation by PUFA into CB of more immature CD34 ϩ progenitor populations. The reason for the increase in IL-5 responsiveness of eosinophil progenitors in CB from neonates in the fish oil group, without a concomitant increase in IL-5 receptor expression, may relate to differences between these two hemopoietic assays: the colony assay detects progenitor cells that show proliferative and differentiative responses to cytokines, whereas the flow cytometric assay simply quantitates total numbers of progenitor cells bearing detectable numbers of cytokine receptors, without regard to proliferative or differentiative response. Inasmuch as the numbers of IL-5 receptors per cell (by mean fluorescence intensity) could not be assessed by flow cytometry in this study due to low numbers of cells available for each sample, a few cells with very-high-density receptors could account for the enhanced functional IL-5 responsiveness observed in the colony assay. The study was double-blinded and data were analyzed after the assays were complete; thus, it was not possible to assess the data by mean fluorescence intensity posthoc as there were limited cells in each sample. It is also possible that the increased IL-5 responsiveness of CD34 ϩ cells in the n-3 PUFA supplement group is due to in vivo/in vitro changes in progenitor eicosanoid production or responsiveness, leading to a synergistic effect of IL-5 with cysteinyl leukotrienes, as we have recently demonstrated (31, 32) ; alternatively, changes in eicosanoids in vivo or in vitro may lead to altered progenitor cell trafficking in CB. Our findings show a positive correlation between IL-5-responsive CFU and absolute numbers of CD34 ϩ /45 ϩ cells, similar to the correlation established by Sehmi et al. (8) . This supports the concept that estimations of CD34 ϩ /45 ϩ cells, by flow cytometry, are predictive of the colony-forming capacity in response to IL-5.
Atopic risk has been shown to be associated with downregulation of both cytokine responsiveness and production by CB NAMNC (33, 34 ). This appears to be at odds with our current findings of increased numbers of CD34 ϩ progenitors and their increased responsiveness to IL-5 in CB. However, the current finding of an association between down-regulation of GM-CSFR␣ and IL-5R␣ and high maternal atopic risk agrees with our previous findings (9) and our newly acquired data relating maternal SPT and CB progenitor expression of GM-CSFR␣ and IL-5R␣ (unpublished data). Thus, both suggest a complexity in the relationship between CB progenitors and atopic risk; for example, the n-3 PUFA manipulation, which lowers risk of atopic symptoms at 1 y (20), may enhance the progenitors' functional differentiative profile (as we have shown), at least temporarily. This may be related to the hypothesis that infants at risk of atopy have a delayed immune maturation. Because the n-3 PUFA treatment increased the IL-5 responsiveness of CD34 ϩ progenitors, effectively, this means that these cells were more mature at birth. This is possibly a result of the n-3 PUFA intervention and is reaffirmed by the finding that infants in the fish oil group generally had fewer atopic symptoms at 1 y than at-risk infants in the placebo group.
Overall, the IL-5 responsive Eo/B-CFU prediction of firstyear outcomes may be indicative of a postnatal maturation of CD34/45 cells in vivo into IL-5 responsive CFU cells. The negative overall association between IL-5R␣ or IL-5R␣/GM-CSFR␣ and maternal skin test positivity at birth (Fig. 4) also supports the concept of immaturity of eosinophil progenitor phenotype in at-risk infants at birth. We speculate that the IL-5 responsiveness in vitro mimics IL-5 stimulation in vivo, and that maturation of eosinophil progenitors will positively correlate with increasing atopy through childhood.
The main limitation of the study is the sample size, because this primarily represents an exploratory study to assess possible immunologic factors to be assessed in larger scale studies of n-3 PUFA for allergy prevention. In this regard, clinical allergic disease at 1 y was only a secondary outcome of the current study; the difficulties of diagnosing allergy and asthma at this age are well recognized. Further analysis at 2.5 and 5 y of age will provide a more reliable assessment of such clinical outcomes. Other potential limitations include the effects of confounding factors such as age, body mass index, parity, and 
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allergy status. Although these factors were controlled for by the use of block randomization and strict exclusion criteria (maternal smoking, premature birth, and existing disease), it is possible that as-yet-undetermined factors may have had an effect on our outcome measures. Despite these limitations, a number of immunologically significant observations were made, indicating that modification of maternal diet in pregnancy can have effects on the neonatal immune system.
Thus, although the study was not powered to examine the impact of the maternal dietary n-3 PUFA on infant allergy, we did observe a significant association in the entire cohort (note: only 60 of the 83 CB samples were tested) between the number of IL-5-responsive eosinophil-basophil lineage committed progenitors in CB and subsequent atopic features. The number of IL-5-responsive progenitors positively predicted atopic dermatitis and wheeze at 1 y (OR ϭ 1.09, 95% CI: 1.004 -1.184, p ϭ 0.039 and OR ϭ 1.107, 95% CI: 1.015-1.208, p ϭ 0.022, respectively). Also, the percentage of CD34 ϩ cells positively predicted atopic dermatitis at age 1 y (OR ϭ 3.93, 95% CI: 1.05-14.64, p ϭ 0.042) ( Table 2 ). These are preliminary associations and the study is ongoing; unfortunately, results beyond 1 y are not yet available. Nevertheless, these findings, although early, highlight the possibility that effects on progenitors at birth by n-3 PUFA supplementation during pregnancy may result in clinically relevant changes.
The findings of this study suggest that detectable variations in the characteristics of hemopoietic cells in CB may be associated with the development of subsequent allergic disease and contribute to our understanding of the early immunologic events in neonates at risk of developing allergic disease. There are already cells in the CB at birth, which are progenitors or effector cells of the allergic late phase reaction, despite the fact that symptoms do not develop until much later. Furthermore, our observations provide preliminary evidence that dietary fish oil supplementation can modify the characteristics of these eosinophil-basophil progenitors at birth. Larger studies are clearly needed to confirm the suggestive benefits of n-3 PUFA in reducing the risk of subsequent allergic disease, through this and other immunologic pathways.
